The CopterSonde is an uncrewed aircraft system developed in-house by a team of engineers and meteorologists at the University of Oklahoma. The CopterSonde is an ambitious attempt by the Center for Autonomous Sensing and Sampling to address the challenge of filling the observational gap present in the lower atmosphere among the currently used meteorological instruments such as towers and radiosondes. The CopterSonde is a unique and highly flexible platform for in situ atmospheric boundary layer measurements with high spatial and temporal resolution, suitable for meteorological applications and research.
Introduction
The atmospheric boundary layer (ABL) is a dynamic system that experiences significant changes in the thermodynamic and 20 kinematic states in its vertical and horizontal structure. An understanding of these structures is key for improving numerical modeling, simulations, and weather forecasts. A combination of fine-scale domain models along with higher resolution observations in space and time are required in order to achieve such understanding. The measurement of temperature, humidity, pressure and winds are some of the most important parameters for the description of the thermodynamic and kinematic behavior of the atmospheric boundary layer. There are currently several meteorological instruments able to measure these parameters 25 effectively; however, they are limited in coverage and have high operating costs.
Uncrewed aircraft systems (UAS) are an emerging technology with a growing interest for weather research and atmospheric monitoring in the scientific community. Correspondingly, we are witnessing rapid developments in the autopilot capabilities, ground station software, and airframes. However, a well proven design that fully satisfies the requirements of measuring the atmospheric parameters accurately and effectively is still in its early stages of development. The first attempts of using UAS 30 for atmospheric research go back to the 1970s (Konrad et al., 1970) and, since then, the integration of sensors aboard the system as a whole has been gradually improving. For instance, the Small Unmanned Meteorological Observer (SUMO) was developed at the University of Bergen as a cost-effective atmospheric measurement system and it is based on a fixed-wing aircraft (Reuder et al., 2009) . Later, Wainwright et al. (2015) and Bonin et al. (2015) showed clear examples of the use of the fixed-wing SUMO for estimating the temperature structure function and compared them against Large-Eddy simulations and are discussed. Results from some field campaigns are also shown to demonstrate the ability of the CopterSonde to repeatably and consistently collect accurate data while sometimes having to endure challenging conditions such as low-level jet winds, icing events, and low air density at high altitudes. The original frame was intended for simple recreational flights, in particular for long endurance first person view (FPV) flights. Therefore, the quadcopter had to undergo some modifications to accommodate desired components and repurpose the functionality of the aircraft for weather data collection. Additional components were fitted in the CopterSonde, which included a high precision Here+ V2 Ublox M8P GPS that has the ability to process real-time kinematic (RTK) GPS positioning with 75 a precision on the order of few centimeters. Also, a lidar based rangefinder was mounted on the CopterSonde to accurately measure the height close to the ground which works in conjunction with a precision landing system based on an infrared camera. Figure 2 shows the 3D printed mount supports for the lidar device and the precision landing camera respectively, which were integrated into the structure of the quadcopter. The 3D printed parts, including the shell that encloses the body of the CopterSonde, were modeled using the SolidWorks ® computer aided design (CAD) program. Several iterations of the 80 different CAD parts were printed with Polylactic Acid (PLA) plastic using a LulzBot ® TAZ 6 3D printer until a perfect fit was attained. Furthermore, the digital models were also useful to study the airflow behavior and its trajectory around such parts and the CopterSonde by using computational fluid dynamic (CFD) simulations, which is discussed in Sect. 2.5.
The arrangement of the electronic components within the CopterSonde was carefully planned to increase its modularity and facilitate performing routine maintenance. In particular, the payload was strategically placed at the frontmost section of 85 the CopterSonde. Consequently, the sensors are subjected to a cleaner airflow by keeping the payload always facing into the wind. As a result, undesired data contamination (produced by sources such as the heat emanated by the CopterSonde itself) is significantly reduced. This technique is better described in Sect. 2.3.
Autopilot Software System
The CopterSonde is equipped with a Pixhawk Cube 2.1 autopilot board (Hex Technology, Sha Tin, Hong Kong), which is used 90 as the main controller for flight stabilization and navigation. The Pixhawk is an open-hardware project that provides users with readily available, low cost and high-end autopilot board solutions for academic, hobby, and industrial communities. It contains a powerful microcontroller capable of executing complex autonomous missions. The Pixhawk board runs the ArduPilot autopilot code, which is a free software package that can be redistributed and modified under the terms of the GNU General Public License version 3 (GPLv3). This means that anyone is free to use all of the code and tools provided in the ArduPilot Github 95 repository without authorization or involvement from the ArduPilot team. However, it is the responsibility of anyone using the code to inform the end user that an open-software is used and the source must be provided. Therefore, under the given license terms, the code source release made by CASS is available to the users in Segales et al. (2019) , which is in accordance with the ArduPilot's GPLv3 licence.
The motivation behind the decision taken to modify an existing autopilot code was the flexibility of incorporating additional 100 desired features not dependent on proprietary codes from companies, which usually do not follow the same research line and are prone to being discontinued eventually. By having full access to the UAS's autopilot code and being able to modify it as desired, it allowed for considerable reduction in the electronic hardware by centralizing functions in a single processing unit.
For instance, separate data loggers for the weather sensors were not needed since the Pixhawk autopilot board has sufficient computing power to accommodate the extra data. This also came with the benefit of weight reduction which is crucial to achieve 105 good performance and long endurance during flights. The official ArduPilot code by default does not support the desired meteorological sensors nor the adaptive flight behaviors for optimal atmospheric data acquisition. Therefore, the ArduPilot code has undergone modifications to incorporate custom user code functions and adapt it to the specific application.
In the current version of the CASS-ArduPilot code run by the CopterSonde, a set of custom functions were added on top of the original ArduPilot code. These are itemized and described as follows. The communication between the sensors and the autopilot is done over a single bus using the I 2 C protocol, capable of sampling and storing up to 8 sensors at 20 Hz each to an internal SD card.
2. Custom sensor message for wireless streaming: since the sensors' data are supplied to the autopilot board, these were 115 then added to the data stream transmitted from the CopterSonde to the ground control station (GCS). Consequently, the sensors can be monitored in real-time while in flight. Additionally, a copy of the streamed data are stored in the GCS's computer.
3. Wind vane mode: a custom wind estimation algorithm was developed and implemented. The autopilot estimates the wind direction and adaptively turns the CopterSonde into the wind. By maintaining the CopterSonde orientation into the 120 oncoming wind, the air being drawn across the sensors has not been disturbed by effects from the CopterSonde body.
As a result, data contamination is minimized which is crucial when measuring small fluctuations of temperature and humidity, as shown in Greene et al. (2019) .
4. Smart fan for sensor aspiration: the chosen weather sensors have a delicate structure and it must be kept protected from dust and small debris. Therefore, the sensors were mounted inside a tubular shield and aspirated by a smart fan, which is 125 controlled by an algorithm executed by the autopilot. It toggles the fan's power on/off at specified heights after takeoff and before landing.
Before flashing the custom code into the Pixhawk autopilot board, a thorough debugging of the code can be achieved by using a simulator included in the ArduPilot code. This prevents incidents or malfunctions when running the code for the first time during a real flight and it also significantly reduces the software development time. Figure 3 shows a screen capture of the sim-130 ulator's graphical user interface with a temperature and humidity live data monitor developed in house. Moreover, the simulator can create different environmental scenarios, such as adding wind and turbulence, for further evaluations. Additionally, given that the ArduPilot repository is managed by a code hosting platform for version control and collaboration, known as Github, then the update releases from the official ArduPilot account can be easily tracked and merged to the custom forked code. This feature allows developers to continue harnessing the power of the ArduPilot code for future integrations and optimizations for 135 any desired application.
Adaptive Sampling: The Wind Vane Mode
The approach used to estimate the 2D wind vector on the CopterSonde is based on the measurement data of its onboard inertial measurement unit (IMU). The advantage is that there is no need for additional dedicated airspeed sensor or anemometer, which is challenging to implement properly on a multicopter and would have also reduce the available space and weight limit 140 for other valuable payload components. The approach presented the challenging task of accurately measuring the 2D wind vector because of the perturbations caused by the propeller wash of the rotors. This disturbs the aerodynamic field around the airframe of the CopterSonde making it difficult to measure small wind fluctuations. As a good practice, the algorithm was designed to be executed on the Pixhawk autopilot board with as few math operations as possible to minimize computing time. Therefore, the dynamic equations were not considered, and only the kinematic equations of motion of the CopterSonde 145 were used in the algorithm. Figure 4 shows the reference frame convention used for vector calculations, where n yz is a unit vector in the direction of X normal to the plane YZ of the inertial frame I : {X, Y, Z}, θ and φ are pitch and roll angles respectively, and e θ and e φ are unit vectors of the body reference frame. The angle between the vector v = (e θ × e φ ) xy , normal to the CopterSonde's horizontal plane, and the axis Z is a measure of the tilt of the CopterSonde and it is denoted by γ. The magnitude and direction of the projection of v onto the plane XY of I can be directly associated with the wind speed 150 and direction respectively. Subsequently, the wind direction with respect to the CopterSonde's true heading (X axis) is
and after some vector operations and math simplifications, λ results in
where fixed to the CopterSonde body is described by e θ and e φ , and their cross product e θ × e φ is the tilt vector used for calculating the wind.
as similarly deduced by Neumann and Bartholmai (2015) . Additionally, the CopterSonde is constantly measuring its heading with respect to the true north by means of an onboard compass which is denoted by ψ. The sum of ψ with the computed angle λ gives the absolute wind direction. However, since the algorithm commands the CopterSonde to turn into the wind, then the angle λ tends to zero and, consequently, ψ tends to the absolute wind direction. It should be noted that the wind vane algorithm 160 works only when the CopterSonde is horizontally steady, and the tilt angle γ is produced only as a result of the CopterSonde compensating for wind.
The autopilot board executes the wind vane code and calculates the wind direction λ at a frequency rate of 10 Hz. Despite the fast computation of λ, it is better to take the average of a sequence of λs to filter out any perturbations caused by the prop wash and other undesired aerodynamic disturbances. The time-averaged angle λ is then inserted directly into the autopilot 165 flight control algorithm as a yaw command, turning the CopterSonde about its yaw axis to face it into the wind. After several bench tests of the code with the simulator, the time interval for the average was set to 5 sec or 50 samples. It was found that a shorter time interval causes the CopterSonde to oscillate about its yaw axis, while a longer time interval outputs wind direction estimates at a very slow rate.
Shell and Payload 170
The CopterSonde was designed to be a modular system, in particular the payload has its own detachable compartment capable of operating independently from the main body of the CopterSonde. This feature is particularly useful for calibration and maintenance purposes. The CopterSonde's shell is divided into two pieces: the front shell and the back shell, as shown in which is optimal. Conversely, the CG is slightly forward under maximum payload weight configuration without compromising the CopterSonde's stability. The current version of the CopterSonde's front shell is outfitted with a set of three thermistors and three humidity sensors for redundant thermodynamic sampling. Figure 6 shows the location of the sensors and the fan inside the L-shaped duct incorporated into the front shell. The sensors were placed in an inverted "V" shape pattern to prevent the sensors from sampling heated and disturbed air produced by the wake and self-heating of the upstream sensors. The fan was 185 calibrated to draw air across the sensors at a constant speed of 12 m s −1 . It automatically switches on (off) after takeoff (before landing) to protect the sensors from dust close to the ground. Further analysis and considerations about the sensor placement on the CopterSonde can be found in Greene et al. (2018) and Greene et al. (2019) .
The chosen temperature and humidity sensors are the iMet-XF PT-100 and HYT-271 respectively, because of their small size, low weight, low cost and ease of programming. Pressure is measured by a single MS5611 sensor built-in the Pixhawk autopilot 190 board which is also used for altitude control. The specifications of the sensors are summarized in Table 2 . The temperature and humidity sensors were programmed to use the I 2 C communication protocol to exchange data streams with the Pixhawk autopilot board. Only two connecting cables are required to transfer data between the payload and the CopterSonde's autopilot board. Additionally, the shell carries its own internal battery that powers the sensors and the fan. It can last up to 4 consecutive flights before needing to be replaced. It should also be mentioned that the front shell can be redesigned to fit other types of sensors, provided that such sensors can fit within the constrained payload dimensions and weight limitations. Moreover, there are plans to integrate sensors to measure carbon dioxide concentrations in the near future.
Flow Simulation
The design of the CopterSonde was mostly driven by the meteorological sampling needs, one of them being the acquisition of data characteristic of the environment. Therefore, a thorough study of the airflow around the CopterSonde and its payload was Figure 7 shows a cross-section view of the airflow's temperature with streamlines denoting the air's path. This helped in identifying the air trajectory, patterns, and sources of heat around the CopterSonde and across the sensors. Noting that the blue color is the environmental temperature, a heat aura can be discerned around the CopterSonde. Despite the hottest location being only 1 K higher than the environmental temperature, it can be seen that the region in the air flow corresponding to the smallest temperature perturbation occurs inside the L-shaped duct. Based on the simulations results, the sensing elements are 215 exposed to the cleanest airflow relative to the CopterSonde's surroundings. However, other environmental factors such as the sun radiation were missing in the simulation, which is also a significant contributor to data contamination as found by Greene et al. (2019) . Work is underway to produce a more accurate modeling of the CopterSonde.
Calibration
Every new build of the CopterSonde undergoes a series of calibration and validation steps. First, the CopterSonde's autopilot 220 system is tuned to achieve the most stable flight under a large range of weather conditions. Detecting any undesired oscillation or sluggishness in its behavior in this stage is crucial. If not well done, the errors can potentially propagate and impact wind estimations or produce other serious consequences in performance. Another advantage of the modularity of the CopterSonde's sensor payload is that it can be calibrated as a single system instead of its individual components or sensors. The calibration and validation of the sensor package is described in the following sections. By applying these calibration offsets, Greene et al. (2019) showed that the CopterSonde temperature measurement spread 235 between the sensors is typically below 0.15 • C. Bell et al. (2019, in review) compared CopterSonde temperature and relative humidity measurements to radiosondes, and found that CopterSonde temperature measurements are accurate to within ±0.1 • C and relative humidity is within ±2%.
Horizontal Wind Field
As mentioned in Sect. 2.3, the CopterSonde is capable of internally making estimations of the horizontal wind field using 240 the kinematic model outlined by Neumann and Bartholmai (2015) and Palomaki et al. (2017) . This model is based on a multicopter maintaining its horizontal position tilting into any oncoming wind to divert its vertical thrust vector, which can then be characterized as a function of wind speed. Based on the local coordinate system of the aircraft, the inclination angle (vertical tilt) γ is calculated as:
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where θ and φ are again the pitch and roll angles, respectively. Note, γ here is equivalent to ψ defined by Neumann and Bartholmai (2015) , but is changed due to the convention of ψ as the aircraft yaw angle. The inclination angle is directly proportional to the drag force F d by the wind on the aircraft as tan γ, and F d in turn is related to the wind speed encountered by the multicopter v as:
250
where ρ is the air density, A proj is the aircraft surface area normal to the wind, and c d is a drag coefficient (Neumann and Bartholmai, 2015) . Because of continually changing conditions and orientations of the multicopter, A proj and c d are generally not well-defined. However, it is possible to estimate wind speed through a linear regression model as:
where constants C 0 and C 1 are derived empirically using a common reference measuring wind speed. This model therefore 255 accounts for the intricate design geometry of the aircraft to a first order approximation without the need for complicated expressions for drag coefficients and surface areas.
Environmental wind direction can also be estimated based on the direction of the aircraft tilt. By also incorporating the aircraft heading relative to true North (yaw angle, ψ), the wind direction can be evaluated though the same procedure in Sect. 2.3 using Eq. 2.
260
The procedure for determining coefficients C 0 and C 1 in Eq. 5 and evaluating the performance of these models for the CopterSonde is nearly identical to that from Sect. 3.1.2 of Greene (2018) . The Washington site of the Oklahoma Mesonet is again used as a reference for wind speed and direction, which outputs 1 min data from an RM Young Wind Monitor.
Note, the Oklahoma Mesonet nominally produces wind data every 5 min, but we were able to access a data stream from the tower with a better time resolution. The CopterSonde is flown at a hover at 10 m near the tower for 10-15 min at a time on 265 several different days to capture a representative range of conditions for the statistical model. The aircraft inclination angles are then averaged to 1 min intervals to be consistent with the Mesonet data. Linear regression is then performed with the input of √ tan γ and Mesonet wind speed as a reference to get a transfer function of the form in Eq. 5. In practice compared to other sampling methodologies like radiosondes and Doppler wind lidars, this method of estimating wind speed with the CopterSonde is accurate to ±0.6 m s −1 from recent calibrations (Bell et al., 2019, in review) . Work is underway to improve 270 the wind estimation algorithm, which should reduce the uncertainty.
Similarly, the wind direction estimated by the CopterSonde during these flights is compared to the reference Mesonet tower.
Generally, this is a more direct approach and does not require any statistical modeling, unless a constant offset bias is observed.
The output angle for the CopterSonde as calculated from Eq. 2 and accounting for the yaw angle ψ tends to be within 4 degrees of the reference in recent calibrations, which is then left uncorrected (Bell et al., 2019, in review) . A more in-depth analysis of 275 this methodology for an older model of the CopterSonde is provided in Greene (2018) .
3 CopterSonde Operations
The CopterSonde system, in its present version and in compliance with our current FAA and OU operating requirements, requires a ground crew of three people for flight operations. The head of operations is the pilot in command (PIC) who is in charge of the risk assessment and is fully responsible of every decision taken during the operation. The second person is the UAS operator and has the duty of preparing and controlling the CopterSonde by means of a remote control (RC) as needed.
The CopterSonde can fly autonomously from takeoff to landing; however, the UAS operator can assume control at any time if necessary. The third person is the GCS operator, who builds the autonomous mission and monitors the CopterSonde's streamed parameters through a computer.
The takeoff of the CopterSonde is usually performed autonomously and initialized by the UAS operator with the authoriza-285 tion of the PIC. The CopterSonde immediately proceeds to execute the pre-loaded waypoint mission. The waypoint mission is the desired flight route for the CopterSonde to follow which is planned and created before the flight by the GCS operator. The
CopterSonde is capable of performing a variety of flight routes from simple straight lines to complex spline curves. However, the direct vertical ascent and descent pattern is preferred for temperature and humidity profiling, for which the CopterSonde was designed and optimized. Letting the CopterSonde land autonomously is safe under good GPS conditions which is necessary 290 for a precise landing, otherwise the UAS operator can take control and manually land the CopterSonde.
Ground Control Station Software
The CopterSonde concept extends beyond the aircraft itself and also includes data handling and distribution systems for the end user. There are three primary components related to the distribution of sensor data from the CopterSonde. The first component is the sensor package within the flight controller that is responsible for collecting the measurement data, logging to a local log 295 file and transmitting the collected data to the GCS. Sensor data are packed into a custom MAVLink message and transmitted through a telemetry radio to the GCS using ArduPilot's standard messaging platform. The second component is the GCS software, which processes the MAVLink message, plots the live data on various graphical interfaces for visual feedback and forwards the data to the online cloud service. The final component is the data processing systems located within the cloud computing service Microsoft ® Azure. Sensor data are transmitted via the Advanced Message Queueing Protocol (AMQP) to 300 a pre-processing Azure Service Bus, where it then waits to be dequeued by one of the data processing virtual machines. The virtual machines analyze the ingested data, store the results in a cloud database, and finally pass the data to a post-processing Service Bus for interested subscribers.
Deliverables
The CopterSonde system stores the collected data in multiple ways, which is convenient for creating backups and retrieving 305 the data in any circumstance. While in flight, the CopterSonde is continuously broadcasting data through a telemetry radio to the the GCS which stores and uploads the data to the Azure cloud. The processed data are transferred directly from the post-processing Service Bus to the subscribers, as mentioned in Sect. 3.1. For example, the public web application wxuas.com is subscribed to such service and it was created to distribute the CopterSonde's data. The web application then forwards the information directly to connected web clients via web sockets. This enables a live view of the CopterSonde's data for any 310 remote user via the web during flight operations. Another method of data storage is by using the included removable micro SD card mounted on the Pixhawk board. This method is preferred over the streamed data for post-processing because it stores higher temporal resolution data. However, retrieving the data from the SD card requires partially taking the CopterSonde apart which hinders the goal of making the system autonomous. Therefore, there are plans to improve data transmission and increase the temporal resolution of the streamed data to reduce dependence on the SD card transfer. Some useful products generated 315 based on data acquired by the CopterSonde are the Skew-t plots and time-height temperature contours shown in Fig. 8 and (Hunter, 2007) , MetPy (May et al., 2008 (May et al., -2019 , and SciPy (Virtanen et al., 2019) .
Applications 320
To date, the a fleet of three CopterSondes have been deployed in several measurement campaigns that have encompassed a wide range of meteorological conditions. Its first appearance was in the Environmental Profiling and Initiation of Convection (EPIC) field project in May 2017 to determine the potential of severe weather development (Koch et al., 2018) . Also, during a four weeks field campaign in Hailuoto, Finland, in February 2018, the CopterSonde was operated for the first time in polar conditions. Known as the Innovative Strategies for Observations in the Arctic Atmospheric Boundary Layer (ISOBAR), it 325 was dedicated to the investigation of the atmospheric boundary layer in the arctic environment (Kral et al., 2018) was during this campaign that the CopterSonde achieved its flight altitude record of 1800 m above ground level (AGL). Up to then, the CopterSonde was used to sample the atmosphere for direct scientific evaluations and to assess its limits under different conditions. Thorough comparisons of the CopterSonde against conventional weather tools occurred later in 2018. Sample data from the Moffat site is shown in Fig. 10(a) -(c) compared to both co-located radiosondes and remote sensors from CLAMPS. During this time period, winds were less than 5 m s −1 throughout the CopterSonde profile (Fig. 10a ). The CopterSonde generally estimated the wind speed to be approximately 2 m s −1 less than both the radiosonde and the Velocity Azimuth Display (VAD) from the CLAMPS Doppler lidar. The CopterSonde did successfully capture a directional shear layer 355 around 750 m (Fig. 10(b) ). Though the wind speed bias falls outside the stated accuracy above (±0.6 m s −1 ), it is a consistent bias and can be corrected. Work is ongoing to determine the a calibration procedure for calculating the coefficients in Eq. 5 for an ascending rotary-wing UAS, as opposed to a hovering rotary-wing UAS (see Sect. 2.6.2). For this case study, the temperature measured by the CopterSonde is nearly identical to the radiosonde temperature ( Fig. 10(c) ).
Case Study 2: Flux Capacitor

360
In the months following LAPSE-RATE, a local, OU coordinated campaign, known as Flux Capacitor, was organized to evaluate the CopterSonde over a full 24 h diurnal cycle. This campaign was held at KAEFS. Similar to LAPSE-RATE, CLAMPS was deployed and radiosondes were launched while flights with the CopterSonde were conducted. During this campaign, OU operated under a COA that allowed flights to a maximum altitude of 1500 m, though the team usually could no longer see the CopterSonde in sight. Fig. 10(d )-(f) shows example data from this campaign.
This time period was characterized by a strong nocturnal low-level jet (Fig. 10(d) ) with wind speeds approaching 25 m s −1 at around 500 m. Due to safety concerns, the CopterSonde was commanded to descend if the pitch was greater than 30 degrees due to the high winds. This generally occurred when the wind speed approached 22 m s −1 . Again, the CopterSonde estimated wind speeds to be slightly lower (still 2 m s −1 ) than what was measured by the radiosonde (Fig. 10(d) ). As mentioned before, 370 this is likely due to the coefficients in Eq. 5 used for the wind estimation. Additionally, the temperature measured by the CopterSonde agree with the observations from the radiosonde (Fig. 10(f) ).
More detailed statistical analyses of how the CopterSonde performs compared to radiosondes and remote sensors can be found in Bell et al. (2019, in review) .
Conclusions
375
The CopterSonde has been under development for almost two years, during which it time it has undergone near continuous modifications resulting from lessons learned during several successful deployments in diverse locations and under a variety of weather conditions. The CopterSonde is now capable of providing atmospheric measurements of comparable or better quality than many conventional meteorological instruments. For example, it has been shown that the CopterSonde produces similar results as radiosondes, with the difference being that the CopterSonde is able to control its trajectory and, hence, its 380 sampling location. However, there are still some minor aspects that need to be improved, such as better characterization of the CopterSonde for accurate 2D wind estimations. Despite this, the CopterSonde has been shown to be capable of providing robust and reliable vertical soundings of the ABL. Re-usability and safe operability are also a distinctive feature of the CopterSonde, which makes it flexible to operate in most locations with low operating costs.
The CopterSonde incorporates adaptive atmospheric sampling through its ability to modify a given flight plan based on the 385 sensed environmental parameters, as shown with the wind vane feature. Adding new capabilities and functionalities is a simple process of coding for the autopilot and then conducting initial testing with the ground station simulator before conducting actual flights with the CopterSonde in the field. Moreover, the CopterSonde's adaptive sampling capabilities can provide opportunity to sample the atmosphere in unique ways. For example, the CopterSonde can rapidly determine the temperature gradient while in flight and, subsequently, adjust its ascent/descent speed to improve the spatial and temporal sampling resolution. Such a 390 feature is currently under development and will be part of the next CopterSonde iteration. It is the intention of the authors to
keep maintain an open-source code approach.
Finally, the real-time data processing and dissemination feature developed for the CopterSonde is a key component for the meteorological community. The rapid availability of high spatial and temporal resolution data can be assimilated into numerical weather prediction models and, therefore, help to improve the forecasters' situational awareness of prevailing conditions. The 395 authors in collaboration with various modeling teams have begun exploring means to standardize weather data collected by UAS for its assimilation into numerical weather prediction models.
